Purpose It is difficult to leach salt into the deep layers of saline or sodic soils due to their poor permeability. The frequency of irrigation is a major factor affecting salt-leaching efficiency. Since biochar amendments are known to improve soil permeability, they may affect salt-leaching efficiency indirectly. Here, we investigated whether the increase of irrigation frequency could improve the rate of water and salt migration in biochar-amended coastal saline soil. Materials and methods The effects of biochar amendment on the dynamics of water and salt migration in a coastal saline soil from the Yellow River Delta were monitored through soil column leaching experiments. Three different biochar levels were applied at 0% (control), 1%, and 5% (w/w), while the same irrigation amount was applied in two modes: continuous and intermittent. Results and discussion The total duration of intermittent irrigation water vertical infiltration exceeded that of continuous irrigation. The 5% biochar treatment significantly increased the average water content in the soil profile compared with the control treatment lacking biochar. By contrast, increasing the irrigation frequency reduced the average water content in the soil profile (25.4-29.5%) when compared with continuous irrigation (27.7-31.8%). Electrical conductivity increased by 31.9-64.1% at the 60-cm soil depth for all biochar treatments under intermittent irrigation when compared with continuous irrigation. Under continuous irrigation, the 5% biochar treatment showed the earliest desalinization effect, maintaining the lowest peak value of soil salt across the different soil depths tested. Under intermittent irrigation, soil salt always peaked following each irrigation event, with its lowest peak value provided by the 5% biochar treatment at depths of 30, 45, and 60 cm (but not at 10 cm). Conclusions Applying an intermittent irrigation to planted crops coupled to a higher biochar amendment (e.g., 5%) may improve saltleaching efficiency in coastal saline soils. Future empirical studies are required to verify these conclusions under field conditions.
Introduction
Saline and sodic soils cover over 800 million hectares,more than 6% of the world's total land area (FAO 2010) .". Irrigating them during the spring and autumn to induce salt leaching not only reduces their salt content but also contributes to soil water storage (Camposeo and Rubino 2003; Behera and Panda 2009 ). However, because the permeability of saline soils is generally poor, this reduces the salt-leaching efficiency of irrigation and prolongs its duration to leach salt, severely limiting when crops could be planted. To effectively mitigate secondary salinization and prevent salt accumulation in saline soils, it is imperative that the salt-leaching efficiency be enhanced (Cote et al. 2000) .
The salt-leaching efficiency under irrigation is affected by multiple factors, among which irrigation frequency is a major one (Nachabe et al. 1999 ). Yet no consensus or unified understanding has been reached concerning how irrigation frequency affects soil water and salt distributions. Under irrigation, the migration of water is the main driver for the migration of salt ions through the soil. In particular, de-watering of the surface soil between irrigation intervals can produce a larger suction gradient, thus generating a high infiltration rate in the early stage of the next irrigation event (Weisbrod et al. 2000) .
However, soil crusts form in the surface layer after multiple irrigations, hindering the infiltration of irrigation water (Jordan et al. 2003) .
Soil permeability is another determining factor for how well irrigation eliminates salt. Either increasing soil porosity or reducing soil bulk density within certain ranges can improve the efficiency of this salt-leaching process (Won et al. 2005; Behera and Panda 2009) . Biochar is a highly aromatized, porous, carbon-rich material which may be used as a soil amendment to reduce soil bulk density (Glaser et al. 2002; Lehmann et al. 2003; Saifullah Dahlawi et al. 2018) , improve soil structure and porosity (Laird et al. 2010) , increase soil permeability (Steiner et al. 2007) , and accelerate water's infiltration and redistribution (Belyaeva and Haynes 2012) . For example, Yue et al. (2016) found adding 5% (w%) sunflower (Helianthus annuus) straw biochar could accelerate salt leaching and required less time overall to reduce the salt concentration in silt loam soil (aridisol) to a suitable level for crop cultivation in the Hetao region (Inner Mongolia, China). Yet, this and similar studies (Xiao et al. 2017; Ding et al. 2019) investigating biochar's influence upon soil water and salt migration were conducted under continuous irrigation, overlooking the effects of intermittent irrigation.
Given the poor permeability of saline soils, their water and salt portions often cannot migrate deeply into soil following irrigation, especially in China's Yellow River Delta . Instead, the irrigation water can easily form surface runoff, which may accelerate the loss of fertilizer recently applied to the farmland. How might the water and salt distribution change in the coastal saline soil when coupled to differing biochar amendment levels? Which irrigation mode (intermittent or continuous) is more favorable for the migration of soil water and salt in the Yellow River Delta region? Both questions need answering.
We hypothesized an increasing irrigation frequency could raise the water and salt migration rate after soil permeability improvement via biochar amendment. To test this hypothesis, we performed soil column simulation experiments in the laboratory. Different biochar levels were applied to coastal saline soil collected from the Yellow River Delta, and the rate of water and salt migration was measured under two different patterns of irrigation using the same amount of water. The optimal biochar level for promoting the water and salt distribution in coastal saline soil was tentatively determined to improve the application of biochar on coast saline soil.
Materials and methods

Experimental design
The coastal saline soil was collected from a depth of 0-60 cm using a shovel at the Yellow River Delta Coastal Wetland Ecological Experimental Station, Chinese Academy of Sciences (37°45′ 50″ N, 118°59′ 24″ E). After removing rocks and plant roots by hand, the soil was air-dried, ground, and passed through a 2-mm sieve before use. Biochar was prepared by pyrolysis of maize stalk at 450°C for 0.5 h according to the method of Sun et al. (2016) .
A 35-day laboratory simulation experiment was conducted using columns of soil packed in Perspex tubes (inner diameter = 16 cm; height = 90 cm). The biochar (dry-sieved to particle size < 1 mm) rates were 0 wt%, 1 wt%, and 5 wt% (equal to 0, 13, and 65 t/ha for an application depth of 10 cm; bulk density = 1.3 g/cm 3 ), with three replications per treatment. To prevent the generation of dominant flow during infiltration, Vaseline was applied evenly to the inner side of the Perspex tube before packing soil into it. A 10-cm layer of quartz sand was first placed as a filter layer to prevent the column outlet from becoming plugged by soil in the tube's bottom. Then, the soil columns amended with biochar (0%, 1%, and 5%) were packed in layers, each 5-cm deep, for a total soil column depth of 65 cm. The initial soil bulk density after packing was 1.45, 1.423, and 1.326 g/cm 3 for the control, 1% biochar, and 5% biochar treatments, respectively. To monitor soil water and salt migration in real time, a 5TE sensor (Decagon Devices, Inc., Pullman, WA, USA) was installed at depths of 10, 30, 45, and 60 cm in the soil columns, and the data collected by an EM50 data logger every 10 min during the whole experiment.
During the experiment, a Mariotte bottle (inner diameter = 6 cm; height = 600 mm) was used to supply deionized water and to maintain a constant head of 1.5-2.0 cm. The Mariotte bottle had an outlet at its bottom and was connected to external air via an air-intake tube. Before running the experiment, the height of each Mariotte bottle was adjusted to make the lower end of the intake tube sit at 1.5-2.0 cm above the soil surface.
Two different irrigation modes were experimentally applied, continuous and intermittent. Under continuous irrigation, the water content reached the field water-holding capacity of each treatment (i.e., 26.2% for the control, 26.5% for 1% biochar, and 27.7% for 5% biochar). The same total amount of water was used for intermittent irrigation, but this was applied five times using smaller amounts, at 72 h intervals, for a total period of 360 h. Hence, these intermittent irrigations began at 0, 72, 144, 216, and 288 h; after each event, the soil columns were sealed with plastic wrap to prevent water evaporation. At the end of the experiment, the soil columns were allowed to stand for 48 h before soil samples were taken at depths of 10, 30, 45, and 60 cm. These samples were air-dried, ground, and passed through a 2-mm sieve before their analysis.
Analysis of soil samples
Particle size distribution was determined using a Mastersizer 2000 particle size analyzer (Malvern Instrument Inc., Worcestershire, UK) and soil texture was classified according to Soil Survey Staff (1960) . Soil pH, electrical conductivity (EC), salt content, and the concentration of water-soluble ions were measured in a soil/ water ratio of 1:5 (w/w) after oscillation (150 rpm, 5 min) and centrifugation (4000 rpm, 10 min). Biochar pH, EC, salt content, and the concentration of watersoluble ions were measured in a biochar/water ratio of 1:20 (w/w) after oscillation (150 rpm, 60 min) and centrifugation (4000 rpm, 20 min). The pH and EC were both measured by a DZB-718 multi-parameter analyzer (Leici Instrument Inc., Shanghai, China). The salt content was measured by a sand bath method (Lu 2000) . The water-soluble concentrations of Na + and K + were measured using a flame atomic absorption spectrometer (Purkinje General Instrument Company, Beijing, China) while those of Ca 2+ and Mg 2+ were determined by an EDTA titration (Pansu and Gautheyrou 2006) , those of HCO 3 − and CO 3 2− were analyzed by double indicatorneutralization titration (Pansu and Gautheyrou 2006) , that of Cl − were analyzed by silver nitrate titration, and that of SO 4 2 − were analyzed by an EDTA indirect complexometric titration (Pansu and Gautheyrou 2006) . Cation exchange capacity (CEC) was determined with 1 M sodium acetate at pH 8.2. Exchangeable Na + (Ex.Na + ) was extracted with 1 M ammonium acetate at pH 7 (Lu 2000) . CEC and Ex.Na + were analyzed by flame atomic absorption spectrometer (Purkinje General Instrument Co. Ltd., Beijing, China). Exchange sodium percentage (ESP) was calculated as the Ex.Na + /CEC ratio (Pansu and Gautheyrou 2006 ).
Statistical analysis
Data were statistically analyzed using SPSS v19.0 software (IBM SPSS, Somers, NY, USA). The mean differences among irrigation frequency, biochar amendment, and soil depth were examined by a three-way ANOVA, followed by a Tukey post hoc test.
Results
Soil and biochar properties
The soil sample had a total salt content of 7.78 g/kg, a pH of 8.17, and an EC of 2.13 mS/cm. The particle size distribution of soil was as follows: 11.6% clay, 48.7% silt, 38.4% fine sand, and 1.2% coarse sand. The soil texture was silt loam. The biochar sample had a total salt content of 1.22 g/kg, a pH of 8.33, and an EC of 0.388 mS/cm. The properties of the experimental soil and biochar are shown in Table 1 .
Biochar effect on irrigation duration in saline soil under contrasting irrigation modes
Under both irrigation modes, the total irrigation duration followed a similar trend of control > 1% biochar > 5% biochar, and significant differences were detected between the three treatments (P < 0.05, Table 2 ). These different biochar levels also significantly increased soil water infiltration capacity. For example, under continuous irrigation, the total irrigation duration of 1% biochar and 5% biochar treatments was shortened by 19.4% and 54.9% compared with the control treatment.
Under intermittent irrigation, despite the same amount of water applied for each event, its duration was not the samethe duration was longer for a subsequent irrigation than for a preceding one (Table 2) . For example, in the control treatment, the duration of the second irrigation was 3.2-fold that of the first irrigation. There were significant increases (30.2, 49.3, and 45.9%, respectively) in the total irrigation duration of the control, 1% biochar, and 5% biochar treatments under intermittent irrigation relative to continuous irrigation.
Biochar effect on water distribution in saline soil under contrasting irrigation modes
By the end of the experiment, the water content at different soil depths had increased with increasing biochar addition, irrespective of continuous or intermittent irrigation (Fig. 1) . For example, under intermittent irrigation, the water content at depths of 10, 30, 45, and 60 cm was 18.1, 23.2, 9.4, and 9.4% higher in the 5% biochar treatment compared with the control treatment, respectively.
Generally, the water content first increased and then decreased with increasing soil depth. The water distribution at different depths was relatively uniform under continuous irrigation, but pronounced fluctuations occurred under intermittent irrigation. The average water content in each soil profile under continuous irrigation exceeded those under intermittent irrigation: values of the control, 1% biochar, and 5% biochar treatments were respectively 27.7, 28.4, and 31.8% under continuous irrigation, with corresponding values of 2.3, 2, and 2.3% under intermittent irrigation, with the largest disparity occurring in deeper soil. For example, in the 5% biochar treatment, the water content at the 60-cm soil depth reached 31.8% under continuous irrigation but only 26.2% under intermittent irrigation.
Biochar effect on EC dynamics in saline soil under continuous irrigation
The EC dynamics in soil solution showed that at the 10-cm soil depth, the timing and value of salt peaks differed among the biochar treatments (Fig. 2) . A peak appeared in the control at 0.1 h after the start of the experiment, whereas the timing of EC peaks in the 1% biochar and 5% biochar treatments was delayed by 0.16 h and 0.07 h, respectively. The EC peak of the control was just 8.95 mS/cm, while the peak values were increased by 46.4% in the 1% biochar treatment and decreased by 90.8% in the 5% biochar treatment.
At the 30-cm soil depth, an EC peak (16.1 mS/cm) in the control appeared at 3.4 h after the start of the experiment. Timing of EC peaks in the 1% biochar and 5% biochar treatments was advanced by 0.1 h and 1.7 h, but their values decreased by 8.1 and 26.7%, respectively. At the 45-cm soil depth, the earliest EC peak (16.6 mS/cm) ranked lowest that appeared in the 5% biochar treatment (2.9 h). EC peak timing in the 1% biochar treatment was close to that in the control treatment (8 h), which had the maximum EC, 21.7 mS/cm. At the 60-cm soil depth, the earliest EC peak was still found in the 5% biochar treatment (4.8 h), but delayed by 8.6 h and 10.2 h, respectively, in the control and 1% biochar treatments. After 12 h of irrigation, the soil salt had mainly accumulated in the bottom layer and the EC of the 5% biochar treatment was ranked lowest overall.
Biochar effects on EC dynamics in saline soil under intermittent irrigation
During intermittent irrigation, the dynamic ECs of the control, 1% biochar, and 5% biochar treatments showed five peaks each at the 10-cm soil depth (Fig. 3) . These peaks occurred after each irrigation event but the first peak had the highest EC. The first EC peak of the control was the earliest, at~1 h (3.4 mS/cm), while those of the 1% biochar and 5% biochar treatments were delayed by 0.2 h and 0.8 h, respectively, yet their corresponding values had increased by 303% and 94.1%. With an increasing frequency of irrigation, the EC at the peaks gradually decreased and differences between the three treatments diminished.
At the 30-cm soil depth, four EC peaks appeared but the first peak was highest. The first EC peak appeared at 76 h in the control treatment (9.95 mS/cm); by comparison, EC peak timing was respectively delayed by 1 h and 2 h in the 1% and 5% biochar treatments, with 33.7% and 54.5% reductions in their corresponding peak values. The EC peaks declined with increasing irrigation frequency, and among the four peaks, those in the 5% biochar treatment were always the latest.
At the 45-cm soil depth there were three EC peaks but, as found before, the first was the highest. The first EC peak appeared at 152 h (9.55 mS/cm) in the control; by comparison, the EC peak timing was respectively delayed by 1 h and 2 h in the 1% and 5% biochar treatments (values correspondingly decreased by 15.2% and 29.3%). Biochar treatments had more similar effects with an increasing irrigation frequency.
At the 60-cm soil depth, two EC peaks were found after the fourth and fifth irrigations, respectively. Following the fourth irrigation, the first peak appeared at 232 h in the control treatment (7.05 mS/cm); the EC Data are means of three replications. Values followed by different uppercase letters in the same column are significantly different between the treatments (P < 0.05), and values followed by different lowercase letters in the same row are significantly different between the durations of intermittent irrigation (P < 0.05) 3.6 Biochar effect on electrical conductivity and salt ions in saline soil under contrasting irrigation modes
Soil electrical conductivity
At the end of the experiment, EC values of both 1% biochar and 5% biochar treatments were lower than the control under continuous irrigation (Fig. 4) . For example, the EC at the 60cm soil depth in the control was 7.63 mS/cm, but the corresponding ECs of 1% biochar and 5% biochar treatments were 16.51% and 15.20% lower. Under intermittent irrigation, the three biochar treatments had similar EC values down to the 45-cm soil depth; however, at 60-cm soil depth, the EC of the 1% biochar treatment increased by 2.2% while that of the 5% biochar treatment decreased by 14.4% over the control (10.6 mS/cm). Irrespective of irrigation mode, ECs of the control, 1% biochar, and 5% biochar treatments gradually increased with greater soil depth. Down to the 30-cm soil depth, the EC under intermittent irrigation was lower than that under continuous irrigation, but at depths of 45 and 60 cm, the EC under intermittent irrigation increased, especially at 60 cm, where it was 
Soil water-soluble cations
Following irrigation, the main water-soluble cation in the soil solution was Na + (47-93.7 mmol/kg), followed by Ca 2+ (16.8-25.3 mmol/kg) and Mg 2+ (13-21.2 mmol/kg); the K + concentration ranked lowest (0.7-1.26 mmol/kg; Fig. 5 ). The concentrations of these cations in all biochar treatments generally increased with greater soil depth. The biochar amendment had little effect on the concentration of water-soluble Na + in the surface soil. For all the biochar treatments, the Na + concentration at the 0-45 cm soil depth was lower under intermittent irrigation than under continuous irrigation, but the difference was not significant. Different trends were found at the 45-60-cm depth among the three biochar treatments. In the control, the Na + concentration at the 60-cm soil depth was 222.7 mmol/kg under intermittent irrigation, much higher than that under continuous irrigation (171.6 mmol/kg). Similarly, for the 1% biochar treatment, the Na + concentration at the 60-cm soil depth increased by 145.8% under intermittent irrigation relative to that under continuous irrigation (146.2 mmol/kg). However, in the 5% biochar treatment, no major difference of Na + concentration was found at the 60-cm soil depth between continuous (158.7 mmol/kg) and intermittent (148.9 mmol/kg) irrigation modes.
Much like for water-soluble Na + , the concentrations of water-soluble Ca 2+ and Mg 2+ at the 0-45-cm soil depths were always higher under continuous irrigation than under intermittent irrigation, but these differences were not significant. By contrast, the Ca 2+ and Mg 2+ concentrations at 45-60-cm soil depths were significantly much higher under intermittent than under continuous irrigation for all the biochar treatments. For example, compared with the latter, intermittent irrigation generated 46.7, 72.6, and 18.4% increases in the Ca 2+ concentration at the 60-cm soil depth in the control, 1% biochar, and 5% biochar treatments, respectively.
Irrespective of the irrigation mode used, the average concentration of water-soluble K + always increased with more biochar. Compared with the control level (0.56 mmol/kg), the K + concentration in the 0-60-cm soil profile increased by 24.2% and 39.5% in the 1% biochar and 5% biochar treatments, respectively. In addition, the K + concentration in the 0-60-cm soil profile was higher under continuous than under intermittent irrigation. For example, in the 5% biochar treatment, the K + concentration in the 0-60-cm soil profile was 1.26 mmol/kg under continuous irrigation, notably greater than that under intermittent irrigation (0.97 mmol/kg).
Soil water-soluble anions
Following irrigation, the major water-soluble anions in the soil profiles were Cl − (8.7-16.6 mmol/kg) and SO 4 2− (1.48-1.84 mmol/kg), followed by HCO 3 − (0.06-0.65 mmol/kg); the CO 3 2 concentration was extremely low (< 0.08 mmol/kg; Fig. 6 ).
The Cl − concentration of all biochar treatments increased with increasing soil depth. First, irrespective of the irrigation mode, biochar amendment apparently had negligible effects on the Cl − concentration at the 0-45-cm soil depths. Second, at the 45-60cm soil depths, a higher Cl − concentration was found under intermittent irrigation than under continuous irrigation. For example, the Cl − concentration at the 60-cm soil depth of the 1% biochar treatment was 64.4 mmol/kg under intermittent irrigation, or 115% higher than found under continuous irrigation. Following intermittent irrigation, the Cl − concentration at the 60-cm soil depth of the control was close to that of the 1% biochar treatment,~64.4 mmol/kg, with both exceeding that found in the 5% biochar treatment (52.1 mmol/kg).
For both the control and 1% biochar treatments, the average SO 4 2− concentration at the 10-60-cm soil depths (except for 0-10 cm) was always higher under continuous than under intermittent irrigation. For example, the SO 4 2− concentration in the 0-60-cm soil profile of the control treatment was 1.85 mmol/kg under continuous irrigation, more than under intermittent irrigation (1.48 mmol/kg). In the 5% biochar treatment, the SO 4 2− concentration in the 0-60-cm soil profile was Water-soluble Na + (mmol/kg) The HCO 3 − concentration showed no clear trend with increasing soil depth and remained at low levels across the different soil depths of the biochar treatments (< 0.7 mmol/kg). The CO 3 2− concentration (< 0.1 mmol/kg) was even lower than the other anions among the biochar treatments.
Discussion
There is a dearth of studies on the water and salt migration patterns in biochar-amended saline soils receiving intermittent irrigation. In this study, soil column simulation experiments were conducted using coastal saline soil collected from China's Yellow River Delta region. We found that increasing the irrigation frequency lowered the rate of water vertical migration but improved the salt-leaching efficiency in the biochar-amended saline soil. The fastest rate of water and salt migration was obtained by using the 5% biochar amendment.
Water migration in biochar-amended saline soil under contrasting irrigation modes
Irrespective of the irrigation mode applied, the biochar amendment increased the water content at different depths of the soil column, but this depended on how much biochar we applied. This result agrees with Wang et al. (2018) , who found the water content of a biochar-amended loam soil increased with more biochar applied to it. Because of its high adsorptive capacity, biochar can readily absorb irrigation water between soil pores. During its preparation, biochar can easily form microporous structures, and these ostensibly improve the capillary system of the soil, thereby enhancing soil water content.
In this study, intermittent irrigation lowered the water migration rate (as indicated by irrigation duration) in the biocharamended saline soil compared with continuous irrigation. This result is likely best explained by water infiltration rate being mainly affected by the initial soil water content (Weisbrod et al. 2000; Wang et al. 2006) . When initial soil water content is low, low matric potential results in a greater soil water suction, which drives soil water to migrate faster. The opposite occurs when the soil water content is high. During the later irrigation events of the intermittent mode, the initial water content of the soil became larger, so the water infiltration rate was lowered. In addition, soil can form a dense layer after alternating between states of wetting and de-wetting, with the structure of the surface soil in particular often becoming denser and more stable with more cycles of wetting and dewetting (Brodowski et al. 2006; Obia et al. 2017 ). This change can prevent water from infiltrating soil in a short time, thus lowering the infiltration rate, which may explain the lower water content at 60-cm soil depth found under intermittent irrigation. This is consistent with Mermoud et al. (2005) , who reported that under evaporating conditions, frequent small amounts of irrigation led to water retention at the 0- ) in the different biochar treatments of coastal saline soil under continuous (C) and intermittent (I) irrigation at the end of the experiment. B0, control; B1, 1% biochar; and B2, 5% biochar 10-cm soil depth, whereas a single large amount of irrigation increased the probability of deep infiltration.
Salt migration in biochar-amended saline soil under contrasting irrigation modes
Under both irrigation modes, salt accumulation at the bottom of soil columns (i.e., the 60-cm depth) was always lowest in the 5% biochar treatment. First, this may be due to the fact biochar is a porous Brigid^material with particulate structures, which has a similar effect as mixing sand with clay to increase soil porosity and improve soil permeability (Atkinson et al. 2010) . In a previous study, scanning electron microscopy analysis revealed that biochar-amended soil had a loose texture-indicating marked granulation and fragmentation effects-which significantly increased its porosity and permeability compared with the original dense saline soil particles (Peng et al. 2011; Zong et al. 2016) .
When a relatively high amount of biochar was applied (5%) in our study, its effects on reducing soil bulk density and increasing soil porosity were stronger than control and 1% biochar treatments, and this likely facilitated the migration of the eight major ions we examined into deep soil. Second, biochar amendment can promote the cementation of soil particles and improve soil aggregate structure (Whalley et al. 2006; Oguntunde et al. 2008; Belyaeva and Haynes 2012) . Since biochar contains a low salt content, it introduces only a small amount of salt into the soil. As such, the 5% biochar treatment markedly reduced the salt content in the soil profile.
According to the EC dynamics detected by sensors buried in the soil column, we found that, the 1% biochar treatment increased the salt peak, while the 5% biochar treatment reduced it. Irrespective of continuous or intermittent irrigation, the peak value of EC at all four depths always coincided with extent of the wetting front. Hence, we can divide the salt dynamics in our experiment into three stages: (1) Surface formation of the salt peak. At the initial stage of irrigation, the applied water dissolved the salt in the soil column; as water infiltrated, the salt in the 0-10-cm surface layer gradually migrated downward. A salt peak was then observed at the depths where sensors were buried, and the formation of the salt peak indicated the start of marked desalination.
(2) Downward migration of the salt peak. As the leaching water was irrigated downward, soil salt in the upper layer migrated downward with the water; salt peaks were then formed from top to bottom at depths of 30, 45, and 60 cm, indicating desalination through the profile. (3) Bottom accumulation of soil salt. As the water moved further downward, the 0-10-cm soil layer became completely desalted; however, due to the leaching effect, salt from the upper soil layers gradually accumulated downward, while salt in the lower soil was not yet discharged out of the soil column, leaving a high salt content at the 60-cm depth.
We also found that more salt was leached to the soil column bottom by intermittent compared with continuous irrigation. First, with each successive irrigation event, the salt will move again with water; hence, salt in the upper soil layer is once again leached to the wetting front, which is reflected in the dynamic EC curve under intermittent irrigation. Second, under continuous irrigation, the water flow rate is relatively fast; this makes it difficult to dissolve the salt in the soil, thereby reducing the overall salt-carrying capacity of this water flow (Walton et al. 2000) . Likewise, Cote et al. (2000) found that to reach the same solute substitution ratio, intermittent irrigation required significantly smaller amounts of water and a less cumulative duration than did continuous irrigation. A comparison analysis revealed that frequent but small amounts of irrigation may hardly affect the deeper soil layers, resulting in a lower salt-leaching efficiency, and this mainly occurs in the area with strong evaporation in the soil surface (Imtiyaz et al. 2000; Jordan et al. 2003) . In our experiment, there was almost no evaporation in the soil surface during intermittent irrigation because soil columns were sealed with plastic wrap, and this allowed the salt to migrate into deeper soil. Consequently, intermittent irrigation can achieve salt elimination more effectively in the soil.
